UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF WISCONSIN

ALVIN BALDUS, CINDY BARBERA,

CARLENE BECHEN, ELVIRA BUMPUS,

- RONALD BIENSDEIL, LESLIE W. DAVIS I1I,
BRETT ECKSTEIN, GLORIA ROGERS,
RICHARD KRESBACH, ROCHELLE MOORE,
AMY RISSEEUW, JUDY ROBSON, JEANNE
SANCHEZ-BELL, CECELIA SCHLIEPP, and
TRAVIS THYSSEN, RON BOONE, VERA BOONE,
EVANJELINA CLEERMAN, SHEILA COCHRAN,
MAXZINE HOUGH, CLARENCE JOHNSON,
RICHARD LANGE, and GLADYS MANZANET,

Plaintiffs,

TAMMY BALDWIN, GWENDOLYNNE MOORE,
and RONALD KIND,

Intervenor-Plaintiffs,

v. Case No. 11-CV-562
JPS-DPW-RMD
Members of the Wisconsin Government Accountability
Board, each only in his official capacity:
MICHAEL BRENNAN, DAVID DEININGER,
GERALD NICHOL, THOMAS CANE, :
THOMAS BARLAND, TIMOTHY VOCKE and
KEVIN KENNEDY, Director and General Counsel for the
Wisconsin Government Accountability Board,

Defendants,

F. JAMES SENSENBRENNER, JR., THOMAS E. PETRIS,
PAUL D. RYAN, JR., REID J. RIBBLE, and SEAN P. DUFFY,

Intervenor-Defendants.

VOCES DE LA FRONTERA, INC., RAMIOR VARA,
OLGA VARA, JOSE PEREZ, and ERICA RAMIREZ,

Plaintiffs,
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v. Case No. 11-CV-1011
JPS-DPW-RMD
Members of the Wisconsin Government Accountability
Board, each only in his official capacity:
MICHAEL BRENNAN, DAVID DEININGER,
GERALD NICHOL, THOMAS CANE,
THOMAS BARLAND, TIMOTHY VOCKE and
KEVIN KENNEDY, Director and General Counsel for
the Wisconsin Government Accountability Board,

Defendants.

ERIK V. NORDHEIM
Expert Disclosures— Fed. R. Civ. P. 26(a)(2)(B)

STATE OF WISCONSIN )
o ) SS
COUNTY OF DANE )

Erik V. Nordheim being duly sworn on oath deposes and says:

1. Iam an adult and reside in Madison, Wisconsin. My qualifications and list of
- publications are contained in my curriculum vitae attached as exhibit A.

2. My wﬁﬁen report is attached as exhibit B. This report contains the opinions and the
bases for the opinions I will be expressing in this matter. It also contains the exhibits
used to summarize or support the report.

3. The report is given under oath. All expressed opinions are to a reasonable probability
grounded on sound statistical practice based upon my training and experience. The

- data relied upon are typical of the data relied upon by professional statisticians in

making statistical analyses in matters of this nature.
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4. Thave not testified in a court proceeding or in a deposition in the last four years.
5. Iam being compensated at the rate of $175.00 per hour for my work in this
matter.

Cak V Mndleos

ERIK V. NORDHEIM

Signed and sworn before me
this_/¢4 _ day of December 2011.

(Ltwz 7. oo

S ta'ry Public, State of Wisconsin 7
y Commission Expires: /v&(/ww?/w
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December 2011

CURRICULUM VITAE FOR ERIK V. NORDHEIM

Erik V. (Rick) Nordheim

Professor
Department of Statistics
University of Wisconsin-Madison
1300 University Ave.
Madison, WI 53706

work phone: 608-263-5812
work email: nordheim@stat.wisc.edu

EDUCATION

Ph.D. University of Minnesota, School of Statistics (1973-1977; degree granted June 1978)
Thesis: Inference from nonrandomly missing data. University of Minnesota,
235 pp.
M.A. University of California, Berkeley, Department of Physics (1967-1972)
B.A. University of California, Berkeley, Department of Physics (1964-1966)
University of California, Santa Barbara (Administrative Center for Education
Abroad Program, Goettingen, West Germany) (1963-1964)
University of California, Riverside (1961-1963)

POSITIONS HELD

1988-Present Full Professor, Department of Statistics, University of Wisconsin-
Madison [[Also Department of Forest Ecology and Management until
July 1, 2006 and Department of Sociology since July 1, 2006.]]

2006-Present : Director, Methods and Statistics Subcore, Center for Demography

2008 (Fall) Visiting Professor, Department of Statistics and Applied Probability,
National University of Singapore

2001-2005 Department Chair, Department of Statistics, University of Wisconsin-
Madison

1979-2005 Director, College of Agricultural and Life Sciences Statistical Consulting
Facility and Biometry Program

1983-1988 ' Associate Professor, Department of Statistics and Department of Forest
Ecology and Management, University of Wisconsin-Madison

1978-1983 Assistant Professor, Department of Statistics and Department of Forest .
Ecology and Management, University of Wisconsin-Madison

1977-1978 Instructor, Department of Statistics and Department of Forest Ecology

and Management, University of Wisconsin-Madison

EXHIBIT
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RESEARCH

Refereed Papers or Book Chapters in Print

Friedrich, J.S., L.E. Schrader, and E.V. Nordheim. 1979. N deprivation in maize during grain-filling,
1. Accumulation of dry matter, nitrate-N, and Sulfate-S. Agronomy Journal
71:461-465.

Andrews, J.H., C.M. Kenerley, and E.V. Nordheim. 1980. Positional variation in phylloplane
microbial populations within an apple tree canopy. Microbial Ecology 6:71-84.

Biging, G.S., R. L. Giese, and E.V. Nordheim. 1980. Gypsy moth population simulation for
Wisconsin. Forest Science 26:710-724.

Miller, K. F., E. V. Nordheim, and O. J. Ginther. 1981. Periodic fluctuations in FSH concentrations
during ovine estrous cycle. Theriogenology 16:669-679.

Heye, C.C., 1.H. Andrews, and E.V, Nordheim. 1981. Relative variation, sensitivity, and utility of
two methods to assess ascospore productivity of the apple scab pathogen, Venturia inaequalis.
Canadian Journal of Botany 59:965-968.

Mansour, H. E.V. Nordheim, and J.J. Rutledge. 1981. Estimation of repeatability. Theoretical and
Applied Genetics. 60:151-156. .

Atchley, W. R., E. V. Nordheim, F. C. Gunsett, P. L. Crump. 1982. Geometric and probabilistic
aspects of statistical distance functions. Systematic Zoology 31:445-460.

Hirano, S. S., E. V. Nordheim, D. C. Amy, and C. D. Upper. 1982. The lognormal distribution of
epiphytic bacterial populations on leaf surfaces. Applied Environmental Microbiology
44:695-700.

Fawole, I., W.H. Gabelman, G.C. Gerloff and E.V. Nordheim. 1982. Heritability of efficiency in
phosphorous utilization in beans (Phaseolus vulgaris L.) grown under phosphorous stress.
Journal of the American Society for Horticultural Science 107:94-97.

Nordheim, E.V., A. Tsiatis, and T.J. Shapas. 1983. Incorporating extra information in experimental

’ design for bloassay Biometrics 39:87-96.

Nordheim, E. V., D. M. O'Malley, and R. P. Guries. 1983. Estimation of recombination ﬁequency in
genetic lmkage studies. Theoretical and Applied Genetics 66:313-321.

Andrews, J. H., F. M. Berbee, and E. V. Nordheim, 1983. Microbial antagonism to the imperfect
stage of the apple scab pathogen, Venturia inaequalis. Phytopathology 73:228-234.

Hogg, D. B. and E. V. Nordheim. 1983. Age-specific survivorship analysis of Heliothis spp.
populations on cotton. Researches on Population Ecology 25:280-297.

Nordheim, E. V., D. M. O'Malley, and S. C. Chow. 1984. On the behavior of a likelihood ratio test
for genetic linkage. Biometrics 40:785-790.

Krug, A. G., E. V. Nordheim, and R. L. Giese. 1984. Determining initial values for parameters ofa
Welbull model: a case study. Forest Science 30:573-581.

Nordheim, E. V. 1984. Inference from nonrandomly missing categorical data: an example from a
genetic study on Tumer's syndrome. Journal of the American Statistical Association
79:772-780.

Meldah], R. S., E. V. Nordheim and A. R. Ek. 1984. The assessment of edge effect on small sample
plots. Canadian Journal of Forest Research 14:874-878.

Guries, R. P. and E.-V. Nordheim. 1984. Flight characteristics and dispersal potential of maple
samaras. Forest Science 30:434-440.

Hoffman, J. P., J. A. Colman, K. M. Kutchera, E. V. Nordheim and J. H. Andrews. 1984. A
laboratory culture system for pathological and physiological studies of rooted aquatic plants
Canadian Journal of Botany 62:2290-2296.

Mansour, H., E. V. Nordheim, and J. J. Rutledge. 1985. Maximum hkehhood estimation of variance
components in repeated measures designs assuming autoregressive errors. Biometrics 41:287-
294,

Rouse, D. I, E. V. Nordheim, S. S. Hirano and C. D. Upper. 1985. A model relating the probability
of disease incidence to the frequencies of pathogen population sizes for certain foliar diseases.
Phytopathology 75:505-509.
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(‘ ' Raubertas, R. F., C. C. Lee and E. V. Nordheim. 1986. Hypothesis tests for normal means
constrained by linear inequalities. Communications in Statistics, Theory and Methods A
15:2809-2833.

O'Malley, D. M., R. P. Guries and E. V. Nordbeim. 1986. Linkage analysis for 18 allozyme loci in
Pinus rigida. Theoretical and Applied Genetics 72:530-535.

Kinkel, L. L., J. H. Andrews, F. M. Berbee and E. V. Nordheim. 1987. Leaves as islands for
microbes. Oecologia 71:405-408.

Slade, S. J., R. F. Harris, C. S. Smith, J. H. Andrews and E. V. Nordheim. 1987. Microplate assay
for Colletotrichum spore production. Applied and Environmental Microbiology 53:627-632.
Olson, L. I, B. . Erickson, R. D. Hinsdill, J. A. Wyman, W, P. Porter, L. K. Binning, R. C. Bidgood
and E. V. Nordheim. 1987. Aldicarb immunomodulation in mice: An inverse dose-response to

parts per billion levels in drinking water. Archives of Environmental Contamination and
Toxicology 16:433-439.

Andrews, J. H., L. L. Kinkel, F. M. Berbee and E. V. Nordheim. 1987. Fungi, leaves and the theory
of island biogeography. Microbial Ecology 14:277-290.

Severson, D. W., E. V. Nordheim and E. H. Erickson Jr. 1987. Variation in floral nectar
characteristics within soya-bean cultivars. Journal of Apicultural Research 26:156-164.

Moore, C. P., N. J. Wilsman, E. V. Nordheim, L. J. Majors and L. L. Collier. 1987. Conjunctival
goblet cells. Investigative Opthalmology and Visual Science 28:1925-1932.

Lorimer, C.G., L.E. Frelich; and E.V. Nordheim. 1988. Estimating gap origin probabilities for canopy
trees. Ecology 69: 778-785.

Smith, C.S., S.J. Slade, E.V. Nordheim, J.J. Cascino, R.F. Harris, and J.H. Andrews. 1988. Sources of
variability in the measurement of fungal spore yields. Applied and Environmental Microbiology
54: 1430-1435.

Sorsa, K.K., E.V. Nordheim, and J.H. Andrews. 1988. Integrated control of Eurasian water milfoil,
szrzophyllum spicatum, by a fungal pathogen and a herbicide. Journal of Aquatic Plant

y : Management 26: 12-17.

fomem Atkins, C.E., C.E. Lehner, K.A. Beck, R.R. Dubielzig, E.V. Nordheim, and E.H. Lanphier. 1988.

B ' : Experimental respiratory decompression sickness in sheep. Journal of Applied Physiology
65:1163-1171.

Ludders, J. W., J. Rode, G. S. Mitchell and E. V. Nordheim. 1989. Effects of ketamine, xylazme
and a combmatlon of ketamine and xylazine in Pekin ducks. American Journal of Veterinary
Research 50: 245-249.

Nordheim, E. V., D. B. Hogg and S. Y. Chen. 1989. Leslle Matrix Models for Insect Populations
with Overlappmg Generations. Pp. 289-298, IN L. McDonald, B. Manly, J. Lockwood and J.
Logan (Eds.), Estimation and Analysis of Insect Populations. Springer-Verlag.

Kinkel, L. L., J. H. Andrews and E. V. Nordheim. 1989. Fungal immigration and community
development on apple leaves. Microbial Ecology 18:45-58.

Kinkel, L. L., J. H. Andrews and E. V. Nordheim. 1989. Microbial introductions to apple leaves:
1nﬂuences of altered immigration on fungal community dynamics. Microbial Ecology
18: 161-173.

Crawford, W. H., E. V. Nordheim, R. Vanderby, D. Neirby and C. J. Libbey. 1989. An equine
cadaver limb model to measure the support effect of bandages placed on the lower limb of the
horse. Veterinary & Comparative Orthopedics & Traumatology 2: 177-182.

Crawford, W.H_, R. Vanderby, D. Neirby, E. V. Nordheim and C. J. Libbey. 1990. The energy
absorptlon capacity of equine support bandages. I. A comparison between bandages placed in
various configurations and tensions. Veterinary & Comparative Orthopedics & Traumatology
3:2-9.

Crawford, W. H., R. Vanderby, D. Neirby, C. J. Libbey and E. V. Nordheim. 1990. The energy
absorption capacity of equine support bandages. Il. A comparison between bandages from
different materials. Veterinary & Comparative Orthopedics & Traumatology 3: 10-17. _

Heisey, D. M. and E. V. Nordheim. 1990. Biases in the Pollock and Cornelius method of estimating
nest success. Biometrics 46: 855-862.

‘Case 2:11-cv-00562-JPS-DPW-RMD  Filed 01/03/12. Page 3 of-11 Document 101-1




Smith, D.F., D.P. Lunn, G.M. Robinson, S.M. McGuirk, E.V. Nordheim, P.S. MacWilliams. 1990.
Experimental Model of Hypochloremic Metabolic Alkalosis Caused by Diversion of Abomasal
Outflow in Sheep. American Journal of Veterinary Research 51: 1715-1722.

Chow, S.C. and E.V. Nordheim. 1991. The estimation of parameters from bulked samples. Journal of
Biopharmaceutical Statistics 1: 1-15.

Umbeck, P. F., K.A. Barton, E.V. Nordheim, J.C. McCarty, W.L. Parrott J.N. Jenkins. 1991 Degree
of pollen dlspersal by insects from a field test of genetically engineered cotton. Journal of
Economic Entomology 84:1943-1950.

Kinkel, L.L., E.V. Nordheim, J.H. Andrews. 1992. Microbial community analysis in incompletely or
destructively sampled systems. Microbial Ecology 24:227-242.

Kung, K-1.S., M. Milner, J.A. Wyman, J. Feldman, E. Nordheim. 1992. Survival of Colorado potato
beetle (Coleoptera: Chrysomelidae) after exposure to subzero thermal shocks during diapause.
Journal of Economic Entomology 85:1695-1700.

Lorimer, C.G., L.E. Frelich, E.V. Nordheim. 1992. Forest-tree growth rates and probability of gap .
origin - a reply to Clark. Ecology 73:1124-1127.

Milner, M., K-1.8. Kung, J.A. Wyman, J. Feldman, E. Nordheim. 1992. Enhancing overwintering
mortality of Colorado potato beetle (Coleoptera: Chrysomelidae) by manipulating the temperature
of its-diapause habitat. Journal of Economic Entomology 85:1701-1708.

White, R.H., and E.V. Nordheim, 1992. Charring Rate of Wood for ASTM E 119 Exposure. Fire
Technology 28:5-30.

Kauffman, R.G., W. Sybesma, F.J.M. Smulders, G. Eikelenboom, B. Engel, R.L.J.M. Van Laack,

A H. Hoving-Bolink, P. Sterrenburg, E.V. Nordheim, P. Walstra, P.G. VanderWal. 1993. The
Effectiveness of Examining Early Post-Mortem Musculature to Predict Ultimate Pork Quality.
Meat Science 34. 283-300.

Rasmussen, P.H., D.M. Heisey, E.V. Nordheim, T.M. Frost. 1993. Time-series intervention a.nalys1s
Umephcated large-scale experiments. Chapter 7, IN: "Design and Analysis of Ecological Experi-
ments", S.M. Scheiner and J. Gurevitch, editors. Chapman & Hall. New York

Kang, H., J. Lee, E.V. Nordheim. 1994. Number of lethal loci and lethal equivalents in Willow.
Silvae Genetica 43:138-145.

Andrews, J.H., R.F. Harris, R.N. Spear, G.W. Lau, E.V. Nordheim. 1994. Morphogenesis and
adhesion of Aureobasidium pullulans. Canadian Journal of Microbiology 40:6-17.

Parajulee, M.N., T.W. Phillips, J.E. Throne , E.V. Nordheim. 1995. Life-History of Immature
Lyctocoris campestris (hemiptera, anthocoridae) -- Effects of Constant Temperatures and
Relative Humidities. Environmental Entomology 24: 889-897.

Heisey, D.M., E.V. Nordheim. 1995. Modeling age-specific survival in nesting studies, using a
general approach for doubly-censored and truncated data. Biometrics 51:51-60.

Jeanne, R.L., E.V. Nordheim. 1995. Productivity in a Social Wasp Per Capita Output Increases with
Swarm Slze Behavioral Ecology 7:43-48.

Lee, J.K., M. Lascoux, E.V. Nordheim. 1996. Number of Lethal Equivalents in Human Populations:
How Good Are the Previous Estimates. Heredity 77:209- 216.

Lee, J.K., E.V. Nordheim, H. Kang. 1996. Inference for Lethal Gene Estimation with Application in
Plants. Biometrics 52:451-462.

Yohalem, D.S., R.P. Voland, E.V. Nordheim, R.F. Harris, ].H. Andrews. 1996. Sample Size
Requirements for Evaluation of Inhibition of Spore Germination by Aqueous Extracts of
Compost. Soil Biology and Biochemistry 28:519-525.

Halverson, S.L., W.E. Burkholder, T.S. Bigelow, E.V. Nordheim, M.E. Misenheimer. 1996. High-
power Mlcrowave Radiation as an Alternative Insect Control Method for Stored Products.
Joumal of Economic Entomology 1638-1648.

Yohalem, D.S., E.V. Nordheim, J.H. Andrews. 1996. The Effect of Water Extracts of Spent
Mushroom Compost on Apple Scab in the Field. Phytopathology 86: 914-922.

Fassnacht, K.S., S.T. Gower, M.D. MacKenzie, E.V. Nordheim, T.M. Lillesand. 1997.

Estimation of the leaf area index of north central Wisconsin forests using Landsat Thematic
Mapper. Remote Sensing of Environment 61: 229-245,
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Markovic, 1., D.M. Norris . E.V. Nordheim. 1997. Gypsy moth (Lymantria dispar) larval
development and survival to pupation on diet plus extractables from green ash foliage.
Entomologia Experimentalis et Applicata 84: 247-254.

Kinney, K.X., R.L. Lindroth, S.M. Jung, E.V. Nordheim. 1997. Effects of CO2 and NO3-
Availability on Deciduous Trees: Phytochemistry and Insect Performance. Ecology
78:215-230.

Schmitt, R.L., A.S. Hanna, J.S. Russell, and E.V. Nordheim. 1997. Pavement Density
Measurement and Comparative Analysis Using Core and Nuclear Methods. Journal of the
Association of Asphalt Paving Technologists 66: 379-406.

Adams, W.A., R.T. Dueland, J. Meinen, R.T. O'Brien, E. Giuliano, E.V. Nordheim. 1998. Early
Detection of Canine Hip Dysplasia: Comparison of Five Radiographic and Two Palpation
Methods. American Journal of the American Animal Hospital Association 34: 339-347.

) Hanna, A.S., J.S. Russell, E.V. Nordheim, M.J. Bruggink. 1999. Impact of Change Orders on Labor

Efficiency for Electrical Construction: Journal of Construction Engineering and Management-
ASCE 125: 224-232.

Lee, J.K., M. Lascoux, M.A. Newton, E.V. Nordheim. 1999. A Study of Deleterious Gene Structure
in Plants Using Markov Chain Monte Carlo. Biometrics 55: 376-386. '

Spear, RN, S. Li, E.V. Nordheim, J.H. Andrews. 1999. Quantitative Imaging and Statistical
Analysis of Fluorescence In Situ Hybridization (FISH) of 4ureobasidium pullulans. Journal of
Methods 35:101-110.

Hanna, A.S., J.S. Russell, T.W. Gotzion, E.V. Nordheim. 1999. Impact of change orders on labor
efficiency for mechanical construction  Journal of Construction Engineering and Management-
ASCE 125: 176-184.

Immonen, K., D. M. Schaefer, E. Puolanne, R. G. Kauffman and E. V. Nordheim. 2000. The
relative effect of dietary energy density on repleted and resting muscle glycogen concentrations.
Meat Science 54:155-162. :

Kazmar, E.R., R.M. Goodman, C.R. Grau, D.W. Johnson, E.V. Nordheim, D.J. Undersander, J.
Handelsman. 2000. Regression analyses for evaluating the influence of Bacillus cereus on alfalfa
yield under variable disease intensity. Phytopathology 90: 657-665.

Adams, WM., R.T. Dueland, R. Daniels, J.P. Fialkowski, E.V. Nordheim. 2000. Comparison of two
palpations, four radiographic and three ultrasound methods for early detection of mild to
moderate canine hip dysplasia. Veterinary Radiology & Ultrasound 41: 484-490.

Dueland R.T., W.M. Adams, J.P. Fialkowski, A.J. Patricelli, K.G. Matthews, E.V. Nordheim. 2001.
Effects of pubic symphysiodesis in dysplastic puppies. Veterinary Surgery
30:201-217. '

Lindroth, R.L., S. Roth, E.V. Nordheim. 2001. Genotypic variation in response of quaking aspen
(Populus tremuloides) to atmospheric CO2 enrichment. Oecologia 126:371-379. .

Manies KL, D.J. Mladenoff, E.V. Nordheim. 2001. Assessing large-scale surveyor variability in the
historic forest data of the original US Public Land Survey. Can Journal of Forest Research
31:1719-1730.

Schroeder KR, D.P. Stimart, E.V. Nordheim. 2001. Response of Nicotiana alata to insertion of an
autoregulated senescence-inhibition gene. Journal of the American Society for Horticultural
Science 126:523-530.

Bisbee, K.E., S.T. Gower, J.M. Norman, E.V. Nordheim. 2001. Environmental controls on ground
cover species composition and productivity in a boreal black spruce forest Oecologia 129:261-
270.

Pidgeon, A.M., N.E. Mathews, R. Benoit, E.V. Nordheim. 2001. Response of avian communities to
historic habitat change in the northern Chihuahuan Desert. Conservation Biology
15:1772-1788.

Saenz-Romero C., E.V. Nordheim, R.P. Guries, P.M. Crump. 2001. A case study of a
provenance/progeny test using trend analysis with correlated errors and SAS PROC MIXED.
Silvae Genpetica 50:127-135.
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Kopper, B.J., R.L. Lindroth, E.V. Nordheim. 2001. CO2 and O-3 effects on paper birch (Betulaceae:
Betula papyrifera) phytochemistry and whitemarked tussock moth (Lymantriidae: Orgyia
leucostigma) performance. Environmental Entomology 30:1119-1126.

Lorimer, C.G., S.E. Dahir, E.V. Nordheim. 2001. Tree mortality rates and longevity in mature and
old-growth hemlock-hardwood forests. Journal of Ecology 89: 960-971.

Schmitt, R.L., A.S. Hanna, J.S. Russell, E.V. Nordheim. 2001. Statistically based methods for
venﬁcatlon testing. Transportation Research Record: (1761): 86-92.

Hanna, A.S., R. Camlic, PA Peterson, E.V. Nordheim. 2002. Quantitative definition of projects
meacted by change orders. Journal of Construction Engineering and Management-ASCE
128:57-64.

Anderson, D.P., E.V. Nordheim, C. Boesch, T.C. Moermond. 2002. Factors influencing fission-
fusion grouping in chimpanzees in the Tai National Park, Cote, D'Ivoire. Chapter 6 IN:
"Behavioural Diversity in Chimpanzees and Bonobos", Boesch, C., Hohmann, G., Marchant,
L.F., editors. Cambridge University Press, Cambridge, UK.

Brye, K.R., J.M. Norman, E.V. Nordheim, S.T. Gower, L.G. Bundy. 2002. Refinements to an in-
situ soil core technique for measuring net nitrogen mineralization in moist, fertilized agricultural
soil. Agronomy Journal 94; 864-869.

Andrews, J.LH., R.N. Spear, E.V. Nordheim. 2002. Population biology of Aureobasidium pullulans
on apple leaf surfaces. Canadian Journal of Microbiology 48: 500-13.

Patricelli, A.J., R.T. Dueland, W.M. Adams, J.P. Fialkowski, K.A. Linn KA, E.V. Nordheim. 2002.
Juvenile pubic symphysiodesis in dysplastic puppies at 15 and 20 weeks of age. Veterinary
Surgery 31: 435-444.

Mladenoff, D.J., S.E. Dahir, E.V. Nordheim, Schulte, L.A., Guntenspergen, G.G. 2002.
Narrowing historical uncertainty: Probabilistic classification of ambiguously identified tree
species in historical forest survey data. Ecosystems 5: 539-553.

Raffa K.F., N.P. Havill, E.V. Nordheim. 2002. How many choices can your test animal compare
effectively? Evaluating a critical assumption of behavioral preference tests. Oecologia
133:422-429.

Schulte, L.A., D.J. Mladenoff, E.V. Nordheim. 2002. Quantitative classification of a historic
northern Wisconsin (USA) landscape: mapping forests at regional scales. Canadian Journal of
Forest Research 32: 1616-1638.

Hayirli A., R.R. Grummer, E.V. Nordheim, P.M. Crump. 2002. Animal and dietary factors
affecting feed intake during the prefresh transition period in Holsteins. Journal of Dairy Science
85: 3430-3443.

Erbilgin N., E.V. Nordheim, B.H. Aukema, K.F. Raffa. 2002. Population dynamics of Ips pini and
Ips grandicollis in red pine plantations in Wisconsin: Within- and between-year associations with
predators, competitors, and habitat quality. Environmental Entomology 31(6): 1043-1051.

Hurd C.R. E.V. Nordheim, R.L. Jeanne. 2003. Elite workers and the colony-level pattern of labor
division in the yellowjacket wasp, Vespula germanica. Behaviour 140: 827-845.

Holton M.K., R.L. Lindroth, E.V. Nordheim. 2003. Foliar quality influences tree-herbivore-
parasitoid interactions: effects of elevated CO2, O-3, and plant genotype. Oecologia
137(2):233-244.

Woody S.T., R.N. Spear, E.V. Nordheim, A.R. Ives, J.H. Andrews. 2003. Single-leaf resolution of
the temporal population dynamics of Aureobasidium pullulans on apple leaves. Applied and
Environmental Microbiology 69(8): 4892-4900.

Bouwma AM,, P.E. Bouwma, E.V. Nordheim, R.L. Jeanne. 2003. Founding swarms in a tropical

- social wasp: Adult mortality, emigration distance, and swarm size. Journal of Insect Behavior
16(3): 439-452.

Bouwma A.M., P.E. Bouwma, E.V, Nordheim, R.L. Jeanne. 2003. Adult mortality rates in young
colonies of a swarm-founding social wasp (Polybia occidentalis). Journal of Zoology
260:11-16.

Hayirli A, R.R. Grummer, E.V. Nordheim, P.M. Crump. 2003. Models for predicting dry matter -
intake of Holsteins during the prefresh transition period. Journal of Dairy Science
86(5):1771-1779.
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Carew J.D., G. Wahba, X.H. Xie, E.V. Nordheim, M.E. Meyerand. 2003. Optimal spline smoothing
of ﬂVIRI time series by generalized cross-validation. Neuroimage 18(4): 950-961.

Ammar A., A.S. Hanna, E.V, Nordheim, J.S. Russell. 2003. Indicator variables model of firm's size-
proﬁtablhty relationship of electrical contractors using financial and economic data. Journal of
Construction Engineering and Management-ASCE 129(2): 192-197.

Ives, AR., S.T. Woody, E.V. Nordheim, C. Nelson, J.H. Andrews. 2004. The synergistic effects of
stochasticity and dispersal on population densities. American Naturalist 163: E375-E387.

Werner, S.M., E.V. Nordheim, K.F. Raffa. 2004. Comparison of methods for sampling
Thysanoptera on basswood (Tilia americana L.) trees in mixed northern hardwood deciduous
forests. Forest Ecology and Management 201: 327-334,

‘Anderson, D.P., E.V. Nordheim, T.C. Moermond, Z.B.G.Bi, C. Boesch C. 2005.

Factors influencing tree phenology in Tai National Park, Cote d'Ivoire.
Biotropica 37 (4): 631-640.

Bisgard, G.E., E.B. Olson, R.W, Bavis, J. Wenninger, E.V. Nordheim, G.S.Mitchell. 2005. Carotid
chemoafferent plasticity in adult rats following developmental hyperoxia.
Respiratory Physiology & Neurobiology 145 (1): 3-11.

Gross K., A.R. Ives, E.V. Nordheim. 2005, Estimating fluctuating vital rates from time-series data: a
case study of aphid biocontrol. Ecology 86 (3): 740-752.

Schulte, L.A., D.J. Mladenoff, S.N. Burrows, T.A. Sickley, E.V. Nordheim. 2005. Spatial controls
of Pre-Euro-American wind and fire disturbance in Northern Wisconsin (USA) forest landscapes.
Ecosystems 8 (1): 73-94.

Wattiaux MLA., E.V. Nordheim, P. Crump. 2005. Statistical evaluation of factors and interactions
affecting Da1ry Herd Improvement milk urea nitrogen in commercial Midwest dalry herds
Journal of Dairy Science 88 (8): 3020-3035

Werner, S.M., E. Nordheim, K.F. Raffa. 2005. Impacts of the introduced basswood thrips (Thrips’
calcaratus Ugzel) on forest health in the Great Lakes region. Forest Ecology and Management 214
(1-3): 183-200. .

Anderson, D.P., E.V. Nordheim, C. Boesch. 2006 Environmental factors influencing the
seasonality of estrus in chimpanzees. Primates 47(1): 43-50.

Bouwma, A.M., E.V. Nordheim, R.L. Jeanne. 2006. Per-capita productivity in a social wasp: no
evidence for a negative effect of colony size. Insectes Sociaux 53(4):412-419.

Gates, T.J., D.A. Noyce, L. Laracuente, E.V. Nordheim. 2007. Analysis of driver behavior in
dllemma zones at signalized intersections. Transportation Research Record 2030: 29-39

Hurd, C.R., R.L. Jeanne, E.V. Nordheim. 2007. Temporal polyethism and worker spec1ahzat10n in
the wasp, Vespula germanica. Journal of Insect Science 7; article 43; 13pp.

Woody, S.T., A.R. Ives, E.V. Nordheim, J.H. Andrews. 2007, Dispersal, density dependence, and

population dynamics of a fungal microbe on leaf surfaces. Ecology 88(6): 1513-1524.

Li, J,L, E.V. Nordheim, C.M. Zhang, C.E. Lehner. 2008. On the multivariate predictive distribution
of multi-dimensional effective dose: a Bayesian approach. Journal of Statistical Computation
and Simulation 78: 429-442.

Li, J,L, E.V. Nordheim, C.M. Zhang, C.E. Lehner. 2008. Estimation and confidence regions for
multi-dimensional effective dose. Biometrical Journal 50: 110-122.

Gonzalez, L.M., E.C. Grimm, J.W. Williams. E.V. Nordheim. 2009. A modermn plant-climate

research dataset for modeling North American plant taxa. Grana 48: 1-18.

McMahon, M.D., K.F. Raffa, E.V. Nordheim, B.H. Aukema. 2010. Too Close for Comfort: Effect
of Spacing Distance and Pattern on Statistical Inference of Behavioral Choice Tests in the Field.
Entomologia Experimentalis et Applicata 136: 66-71.

Li. J.L., C.M. Zhang, K.A. Doksum, E.V. Nordheim. 2010. Simultaneous Confidence Intervals for
Semiparametric Logistic Regression and Confidence Regions fort the Multi-Dimensional
Effective Dose. Statistica Sinica 20: 637-659.

Schueller, T.I., E.V. Nordheim, B.J. Taylor, R.L. Jeanne. 2010. The cues have it: nest-based, cue-
mediated recruitment to carbohydrate resources in a swarm-founding social wasp.
Naturwissenshaften 97:1017-1022.
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Research Support Summary (since 2005):

Interaction of below- and above- ground herbivory in forest gap formation: Long-term analysis of
underlying mechanisms and spatio-temporal patterns, with K.F. Raffa (PI) and 6 others. NSF
Ecology LTREB. <2003-2008>.

Assessment and Validation of Respondent Driven Sampling, with Giovanna Merli, 2007, UW
Graduate School

Correcting for Recruiter Bias in Chain-referral Sampling of Hidden Populations. With Giovanna
Merli 2008, UW Graduate School

The Development of Statistical Methodology for Census Matching. 2010. UW Graduate School

International Research Experience:

Team member -- Livestock-Natural Resource Interfaces (Latin America); participating countries:
Bolivia, Ecuador, Mexico. Have developed methods of design and data monitoring; includes
sustainable economics, biological conservation, and social and community development; have
visited and been involved in activities in each country. )

TEACHING

Formal UW Classroom Activities (since 2006-07 -- courses with primary responsibility):

Sem  Course Number Course Description # Students  Credits
Sp 07 Statistics 411 Intro Sample Survey Theory & Meth 18 3
Sp 07 Inter-L&S 701 Instructional Materials Development 9 2-3
F 07  Statistics 998 Statistical Consulting 7 3
Sp 08 Statistics 411 Intro Sample Survey Theory & Meth 21 3
Sp 08 Statistics 692 Teaching Statistics in the Classroom 11 1
Sp 09 Statistics 333 Applied Regression Analysis 43 3
FO09  Statistics 998 Statistical Consulting 15 3
Sp 10 Statistics 333 Applied Regression Analysis 47 3
F 10  Statistics 998 Statistical Consulting 14 3
Sp 11 Statistics 333 Applied Regression Analysis 66 3
Sp 11 Statistics 692 Teaching Statistics 12 3
F11  Statistics 998 Statistical Consulting 14 3
(also numerous guest lectures in a variety of courses)
New Course Creation:

Statistics 571

Statistics 572

Statistics 371

Formal Teaching Activities at the National University of Singapore (Fall 2008)
Stat 5220 (similar to Stat 998 at UW) Statistical consulting 7 students

SP1201S_SL1 (Freshman seminar)  Statistics as an Integral Part of Sc

Awards:

UW-Madison -- Distinguished Teaching Award (1986)
College of Agricultural and Life Sciences -- Excellence in Teaching Award (1986)

ience and Society 15 students
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Graduate Student Supervision -

Doctoral Students

Richard Raubertas (Statistics - PhD completed 1983)

Shein-Chung Chow (Statistics - PhD completed 1985)

Mark Thomquist (Statistics - PhD completed 1985)

Dennis Heisey (Biometry - PhD completed 1991)

Jaekyun Lee (Statistics - PhD completed 1995)

Kevin Gross (Statistics & Zoology joint - PhD completed 2003;
supervision joint with Prof. A.R. Ives)

Alejandro Munoz del Rio (Statistics — PhD completed 2005)

Jialiang Li (Statistics — PhD completed 2006; joint with Prof. C.
Zhang)

Lane Burgette (Statistics — PhD completed 2009)

Quoc Tran (Statistics — PhD in progress; prelim completed 2011)

Masters Students

Hussein Mansour (Biometry - MS completed 1979; supervision joint with
: Prof. J. Rutledge)
Linda Kinkel (Biometry - MS completed 1987; supervision joint with
Prof. J. Andrews)
Emilia Martins (Biometry - MS completed 1991; supervision joint with
Prof. T. Garland)
Hermanu Triwidodo (Biometry - MS completed 1993; supervision joint with
Prof. D. Hogg)
Cecilia Alstrom (Biometry - MS completed 1993; supervision joint with
Prof. H-C Kang)
Eric Espe (Biometry - MS completed 1994; supervision joint with
Prof. D. Hogg)
Ramon Dias-Uriarte ~ (Biometry - MS completed 1996; supervision joint with
‘ Prof. T. Garland)
Pitt Fagan (Biometry - MS completed 1999; supervision joint with
Prof. K. McSweeney)
Chunkuan Wang _ (Biometry -- MS completed 2002; supervision joint with
Prof. S.T. Gower) :
John Carew (Biometry -- MS completed 2003; supervision joint with

Prof. E. Meyerand)

Participation in Graduate Student Exams: since 2001 (excluding own students)

MS PhD Prelim Phd Final
Statistics - 8 11
Other Depts/Programs 6 18 27
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Other International Teaching Experience:

Taught a 2-week short course (10 days; 6 hours/day) in applied statistics to 16 advanced undergraduate
students in the University of Natural Science in Ho Chi Minh City, Vietnam. Jan. 2006. Instruction
included hands-on computing exercises. (Instruction was in English.)

Taught a semester-long course on “Applied Statistics for the Life Sciences™ at the University of Natural
Science in Ho Chi Minh City, Vietnam from Aug 2010 to Jan 2011. There were 3 weeks of face-to face
instruction in Vietnam in August, followed by videoconference instruction during Fall 2010, followed by

" one week of face-to-face instruction in Vietnam in Jan 2011. There were about 30 students, evenly divided
between the mathematical and biological sciences. This was funded by a (competitive) grant from the
Vietnam Educational Foundation.

BIOMETRY ACTIVITIES

Consulting:

Managed (through June 30, 2005) Statistical Consulting Facility for College of Agricultural and Life
Sciences (CALS) with participation from the School of Veterinary Medicine, the Departments of
Botany and Zoology within the College of Letters and Science, and the Institute for

Environmental Sciences. Facility currently includes five faculty members and four graduate student
project assistants. Facility assists around 300 researchers annually.

-Biometry M.S. Program:
Created Program and shepherded it through approval process.

_ Cluster Hire Proposal:

Leader of team for development of successful "cluster hire" proposal in Molecular Biometry in Campus-
wide program to recruit faculty in new important areas. Resulted in approval of three positions for
mathematicians, statisticians, and/or computer scientists with strong biological interests in modeling,
design, and analysis of biological systems, primarily at the molecular or cellular level.

Director of Biometry:

Served as leader of overall biometry efforts within CALS (through June 30, 2005). This includes above
activities as well as overall guidance within CALS in statistical areas.

ACTIVITIES WITHIN THE SOCIAL SCIENCES

Beginning with the 2005-2006 academic year, I have been redirecting my efforts to develop increased ties
between Statistics and the social science departments within L&S. Listed here are several activities to
date: :

1 have developed a concept for and implemented a frequent Workshop series aimed at topics of joint
interest to social scientists and statisticians. The format (typically) has five 90 minutes sessions
scheduled approximately weekly with motivating examples, discussion of background knowledge,
visits by outside experts, and wrap-up. The topics to date have been: Sp06 - “Multiple
Imputation”; F06 --- “Sampling Hidden Populations”; Sp07 — “Propensity Scores™; F07 ---
“Bayesian Model Averaging”; Sp08 --- “Hierarchical Linear Models™; Sp09 --- “Applications of
Spatial Statistics” : .

10

Case 2:11-cv-00562-JPS-DPW-RMD Filed 01/03/12 Page 10 of 11 - Document 101-1




. ( o University Service (other than departmental committees)
AN

1. Campus-level

1982-1983; Academic Computing Advisory Committee

1987-1988; Admissions Policy Committee

1986-1990; Executive Committee, Faculty Division of Biological Sciences

1987-2006; Executive Committee, Biometry Masters Degree Program, Chair (several times)

1990-1992; Nominations Committee, Chair 1991-92

1993-1997; Recreational Sports Committee

1994-1996; Commitice on Committees, Chair 1995-1996

1994-1999; Quantitative Reasoning Implementation Committee

1998-1999; Electronic Dissertation Committee

1998-2001; Faculty Rights and Responsibilities Committee

1999-2003; Executive Committee for Undergraduate Biology Degree Program

2000-2002; Symbiosis Committee (for coordinating chemistry, mathematics, physics, and
statistics curricula for majors in biology)

2009-present; ad hoc Committee on Review of Cluster Hire Program

2. College of Letters & Science
2000-2004; Curriculum Committee
2005; ad hoc chair of Delegated Budget Planning Committee (chair)
2009-present; Academic Planning Council

3. College of Agricultural and Life Sciences
1977-2006; Biometry Committee
1991-2000; Member of NCR-170, Research Advances in Agrlcultural Statistics; organized and
- ' hosted NCR-170 Statistics in Agriculture meeting in Madison, 1994
< 1993-1995; CALS Academic Planning Council
~ . 1977-2006

4. Department of Statistics (have served on several of these committees multiple times)
Undergraduate Adviser
Graduate Admissions Committee
Curriculum & Degree Requirement Committee
Teaching Assistant Review Committee
Masters Exam Committee
New Student Advising Committee
Numerous ad hoc committees
Chair: July 1, 2001 -- June 30, 2005

Professional Service:
Elected as Council of Sections Representative to Section on Statistical Consulting

Education of the American Statistical Association; 1992-1994.
Involved with Federal Milk Market Administrators from three upper Midwest regions on
project to evaluate validity of component pricing for milk; 1993-1994,
Associate Editor for Journal of Agricultural, Biological, and Environmental Statistics;
1994-2000.
Numerous consultancies with a range of companies including Johnson Wax, Scott’s, Agracetus, and
Powderject; 1977-present.
Expert witness on two occasions with cases represented by Lawton and Cates*.
Expert witness for Wi Dept of Justice*

* no depositions or appearances at a trial as an expert witness in previous four years (as of Dec 12,
2011)

11
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GOALS

With the 2010 census recently completed, reapportionment must take place in Wisconsin’s congressional districts. Unlike
after the 2000 census, when Wisconsin lost one congressional seat, the current reapportionment effort is based on the fact
that the number of congressional districts will remain at eight. (Hereafter, I will use the term district to refer to
congressional district. Also, when referring to an individual district such as district 1, I will use the notation CD1.) Since
the populations of each of the current districts have changed over the last 10 years by different amounts, it will be
necessary for some districts to “give up” population and for others to “gain” population so as to meet legal requirements
that the populations of the “new” districts are close to the same size.

- The primary objective of my analysis is to tabulate and analyze the minimum population shifts required by the new census
and compare those to the population shifts that would occur under the redistricting plan, in 2011 Senate Bill 149.
(Hereatfter, this will be referred as the proposed plan.) A secondary goal is to assess the changes in compactness of the
districts under this proposed plan.

DATA AND METHODS

The data available for this study were the 2010 census data for Wisconsin as given in the 2010 Census Redistricting Data
Summary File PL 94-171. In performing my tabulation and analysis, I worked with Mr. Joel Gratz who had access to the
data and the software package ESRI ArcMap 10 with the plug-in Citygate Autobound needed to perform them. The
primary tabulation consisted of a determination of the population transfer from each district to each other district that
implementation of the proposed plan would require. Some pairs of districts are not subject to such transfers since they are
not adjacent to each other. (Thus, for example, there is no transfer between CD1 and CD8 since these districts are not
adjacent.) The method for performing this tabulation is based on identifying those physical areas that would need to be
noved from one district to another and determining the population of each such area. This is accomplished using the

v —;:-Ms'oﬁware package with plug-in mentioned above. -

Using the same sbftware, computations were conducted to determine the values for five compactness indices for each of
the eight districts. This was done for the current districts as well as the proposed districts. The objective here was to
" determine the change in compactness from the current to the proposed districts.
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RESULTS REGARDING POPULATION SHIFTS

- The first tabulation examines the population for each of the eight current districts using the 2010 census and the
population of each district under the proposed plan. Also included is the net change in population. The net change is the
difference between the population of the proposed district and the current district. A positive number indicates that a
district needs to add population. Similarly, a negative number indicates the need to lose population. These results are
presented in Table 1.

District 2010 population for district 2010 population for district net change
as created in 2001 as proposed in 2011
1 728,042 710,874 -17,168
2 751,169 | 710,874 -40,295
3 729,957 | 710,873 19,084
4 669,015 710,873 41,858
5 707,580 710,873 3,293
6 705,102 710,873 - 5,771
T 689,279 - 710,873 21,594
= | 706,842 | 710,873 4,031

Table 1: Populations of current and proposed congressional districts using 2010 census figures.

The changes in population between 2000 and 2010 differ for each of the congressional districts created in 2001. Current

" - districts 1, 2, and 3 have the largest current populations. District 4 has the smallest population with districts 5, 6, 7, and 8
intermediate. The proposed districts all have virtually the same populations. Indeed the populations are as close to each
other as possible. The final column indicates the net change (or transference) of population that would be needed to
implement the proposed plan. Thus, for example, CD1 would need to “lose” or “give up” a net population of 17,168.
(These numbers can be viewed as the bare minimum shift required.)

In order to maintain jurisdictions of importance (e.g. counties, townships, census blocks) it is expected that there will need
to be somewhat more transfer of population than the bare minimum. The tabulations of the actual population shifts
(transfers) from each district to each other district that would result from the implementation of the proposed plan are
given below in Table 2.

C/‘l
i
/
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_ Current / Proposed

(" Oistrict/ District 1 2 3 4 ‘5 6 7 8
1 686,159 3,764 NA 63 38,056 NA NA NA
2 1,322 633,024 0 NA 59,990 56,833 NA NA
3 NA 74,086 539,603 NA NA 0 116,268 NA
4 _ 0 NA NA 647,764 21,251  NA NA NA
5 : 23,393 0 NA 63,046 533,051 88,090  NA NA
6 NA 0 20875 NA 58,525 565,590 0 59,752
7 NA NA 150,395 NA NA 0 538,884 0
8 NA NA NA NA NA 0 55721 651,121

R

Table 2: Population shifts between districts that would be fequired if the proposed plan were implemented. |
(NA indicates that the districts are not adjacent and hence there could be no shift.)

To interpret this table, consider the first row. This means that for the population residing in the current CD1, 686,159
would remain in CD1,-3,764 would transfer into CD2, 63 would transfer into CD4, and 38,056 would transfer to CD5.

" The “NA” entries in this row indicate that the other districts (3, 6, 7, 8) are not adjacent to CD1.

" In some cases there are transfers in “both directions” for two adjacent districts. For example, the proposal requires a

population of 3,764 to shift from CD1 to CD2 and a population of 1,322 to shift from CD2 to CD1. In some other cases
the transfers are in one direction only. For example, the proposal calls for a population of 0 to shift from CD2 to CD3
whereas the required shift from CD3 to CD2 is 74,086.

The largest shifts (highlighted with bold italics) are from CD7 to CD3 and from CD3 to CD7. The required population
shift under the proposed plan is 150,395 from CD7 to CD3 and 116,268 from CD3 to CD7. Thus, almost 22%
(150,395/689,279 x 100) of the current population in CD7 will be shifted to CD3 under the proposed plan.
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_Table 3 provides a summary of the information in Table 2. It shows a tabulation of the total population shifted “in to” and
‘out of” each district. Figure 1 presents the same information in graphical form.

District shifted in to shifted out of net shift (in)
1 . 24,715 41,883 -17,168
2 77,850 118,145 -40,295
3 171,270 190,354 -19,084
4 63,109 21,251 41,858
5 177,822 174,529 3,293
6 144,923 139,152 5,771
7 171,989 150,395 21,594
8 | 59,752 55,721 4,031

Table 3: Overall tabulation of population that would be transferred “in to” and “out of” each district under the proposed
plan. _ :
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..Figure 1: Graphical representation of transferred population based on Table 3.
)
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"\s noted above, the net shift in Table 1 can be thought of as the minimuin shift required. Also as noted above, the actual
- shifis are likely to be somewhat larger than these in order to respect the integrity of various jurisdictions such as counties,
townships, and census blocks.

The actual proposed shifts range from somewhat above the bare minimum to well above. For example, CD4 needs to
have a net of 41,858 shifted in to it. The proposed plan calls for 63,109 to be shifted in and 21,251 to be shifted out
(resulting in the correct net shift). The district with the most extreme proposed shifts is CD3. Here, the “bare minimum”
would be to have 19,084 shifted out of it. The proposed plan calls for 190,354 to be shified out and 171,270 to be shifted
in. The size of the population that would be shifted out is about 10 times higher than the bare minimum required.

RESULTS RELATING TO COMPACTNESS

As I'understand it, legal requirements and court cases involved in reapportionment of congressional districts indicate that
districts be “compact”. Qualitatively, this'means that the district is not overly spread out. The difficulty is in developing
a suitable measure for compactness.

The issue of compactness is one that is related to two (or more) dimensional space and is much broader than congressional
or legislative districts. Indeed, compactness issues are encountered in many fields such as ecology and city planning.
Many scholarly articles have been written on various aspects of compactness. There has been substantial emphasis placed
on this issue by political scientists. Two articles (among many) that provide good discussions of this issue are a 2009
“White Paper” by Azavea and a frequently cited refereed paper from 1990 by Niemi et al.
C;:‘ agree with the commonly expressed opinion that it is not really possible to adequately describe compactness by a single

~numerical index. There are too many components of district shape that allow all characteristics to be captured by a single
value. Niemi et al. list more than 20 different measures and there are many others. Despite the limitations, some of these
measures do provide some useful quantification of various aspects of the shape of districts. In my view, imperfect
quantitative measures are better than no quantitative measures if they are interpreted with sufficient caution. It is in this
spirit that I provide an analysis of compactness of Wisconsin congressional districts.

The most compact area is taken to be a circle. A circle is the shape that has the minimum perimeter for a given area and
also minimizes the maximum distance between two points in the region being considered. All measures considered here
will provide a compactness score of 1.0 for a perfect circle. Deviations from a perfect circle will be reflected by scores
smaller than 1.0. Clearly, it is not possible for any state to be divided into circular congressional districts. Thus, virtually
all actual districts will have a compactness score smaller than 1.0. :

There are two primary factors that influence the compactness of a given region (district). These are the distance between
the most extreme points in the region (relative to the area of the region) and the irregularity of the shape of the region,
which is related to the ratio of the perimeter of a region to its area. I will refer to these as dispersion measures and
indentation measures respectively. (There is potential third factor that requires taking account of the population density
within a region. However, measures incorporating this third factor are much less commonly used and often require more
complex computation. These will not be further considered here.)

The literature on compactness addresses the strengths and weaknesses of the various types of measures. One reason that a
district may not be circular and, thus, may have a relatively large distance between its most extreme points, is that the
district lies on the border of a state. All 8 of the current districts have an edge that corresponds with the state boundary
and, of the proposed districts, all of them except CDS5 are in this category. Some of the compactness measures are
- narticularly sensitive to districts where the distance along one dimension is relative large. In a state like Wisconsin, such
@,.—heasures should be evaluated cautiously since, as noted, almost all districts have an edge at the state boundary.
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__The measures that are based more on indentation tend to be strongly influenced by very irregular borders. Thus, “fjord-
ike” or serrated structures with many indentations (such as, for example, some of the congressional districts around
Chesapeake Bay) will lead to very low compactness scores. For regions (districts) with such structures, the indentation-
related measures need to regarded cautiously. However, when serrated structures are not present, the indentation-based
measures appear to have considerable merit. -

The Citygate Autoboard software package includes five default measures of compactness. (It also allows the user to

specify

other measures.) Of the default measures, three can be considered to be relatively more indentation-based and

two dispersion-based. Using information from the software, these 5 measures are briefly described below. 1 will refer to
the output of the calculations as compactness scores. (Please note that there is no inherent significance to the way I order
these measures-scores.)

What seems most relevant for my analysis is not the absolute compactness scores but the changes in the scores due to the
proposed reapportionment. Based on the discussion given above, there can be many reasons why the scores-for some
districts may differ from those of others.

Score 1

Score 2

: Polsby-Popper --- 4n*area/perimeter-squared (where the area and perimeter are those of the district)

: Circumference of an equal area circle divided by the perimeter of the district

Score 3: District area divided by the area of the district’s convex hull.

Score 4: District area divided by the area of the minimum circle bounding the district (Reock test)

Table 4

District

7

8

Q/’l;able 4.

Score 5: Radius of a circle with equal area to the district divided by fhe radius of the smallest circle bounding the district

provides the compactnesskscores for the five methods described above.

Score 1 Score 2 Score 3 Score 4 Score 5
current proposed  current proposed current proposed current proposed current proposed
0.28 029 0.58 0.58 090 0.88 | 023 024 048 0.49

037 041 0.63  0.68 0.87 0.88 0.41 0.34 0.64 0.59
036 0.17 0.63. 0.42 076 059 019 025 043  0.50
0.12 - 0.13 035 0.36 0.70 0.70 020 0.8 044 042
024 024 0.51 0.50 0.73 0.82 024  0.32 0.49  0.57 ‘
0.21 0.20 0.50 047 0.77 0.66 022 020 047 045
0.18 0.15 045 041 0.76  0.68 029 024 0.54 0.49
0.13  0.12 037 035 0.67 0.67 023 022 048 04

Compactness scores for five compactness measures for current and proposed districts
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_ A comparison of the magnitudes of the different measures is not of great importance. For example, some of the scores
. re based on area and others on circumference or radius. (Circumference and radius have units of distance whereas area
* has units of the square of the distance.) What is of interest is the ranking of the districts under the various measures.
Scores 1 and 2 order the districts in exactly the same manner. Similarly, scores 4 and 5 order the districts the same way.
Scores 1 and 2 are very similar indentation-based measures whereas scores 4 and 5 are very similar dispersion-based
measures. There are some noticeable differences between the two pairs. Score 3, which is also an indentation-based
measure, tends to perform somewhat differently from scores 1 and 2.

As an example of explaining some of the differences among the scores, consider CD8. This district is affected by the
irregular coastline associated with the Door Peninsula. This will almost necessarily cause indentation-based scores to be
relatively low. '

As noted above, it is the changes in compactness scores between the current and proposed districts that are, perhaps, of
greatest interest for the current situation. These changes are tabulated in Table 5 and displayed in Figure 2.

Score 1 Score 2 Score 3 . Score 4 Score 5

District

1 +0.01 0.00 -0.02 +0.01 +0.01
2 +0.04 +0.05 +0.01 -0.07 -0.05
3 -0.19 -0.21 -0.17 +0.06 +0.07

! +0.01 +0.01 0.00 -0.02 -0.02

5 0.00 -0.01 +0.09  +0.08 +0.08
6 -0.01 -0.03 -0.11 -0.02 -0.02
7 -0.03 -0.04 -0.08 - 0.05 -0.05
8 -0.01 -0.02 0.00 -0.01 -0.01

Table 5: Compactness score differences between proposed and current districts for five compactness measures.
(A positive score suggests that the proposed district is more compact.)
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“igure 2: Graphical representation of compactness score differences based on Table 5.

The changes for scores 4 and 5 tend to be relatively small. (The largest change in magnitude is 0.08.) The decreases for
CD2 and CD7 are due largely to the increased distance between the most extreme points of the district. The increases for
CDS5 and CD?3 are due to a corresponding decreased distance. However, in all cases the changes are quite modest.

The changes in scores 1 and 2 are similarly relatively small except for CD3 for which there is a sizable decrease in
compactness. This is due to the “U-shaped” northern portion of the proposed district. This “U-shape” substantially
increases the ratio of the perimeter to the area which is the factor to which scores 1 and 2 are most responsive. Score 3 is
similar to scores 1 and 2 although it performs somewhat differently from the other two.

Thus, there is some notable evidence that the proposed CD3 would result in a district that is considerably less compact
(using indentation-based measures) than is the case with current CD3. Since the proposed changes in the border of CD3
involve very little of the serrated structures (like those in Chesapeake Bay), I believe that the methods underlying scores 1,
2, and 3 are valid ones for explaining the change in compactness.
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~ CONCLUSIONS
I summarize my key findings as follows:

1. The proposed plan results in the transference of population substantially in excess of the minimum transference
required. The two largest inter-district population transfers are from CD7 to CD3 and from CD3 to CD7. .

2. The proposed plan for CD3 results in a considerable decrease in compactness (as measured by indentation-based
‘measures). The proposed plan will have relatively smaller effects on the other districts.
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